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Description 

METAL- INSULATOR- METAL (MIM) 
CAPACITOR AND FABRICATION METHOD 
FOR MAKING THE SAME 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates generally to a metal-in- 
sulator-metal (MIM) capacitor. More specifically, the 
present invention relates to a MIM capacitor having high 
capacitance density and fabrication method for making 
the same. 

[0003] 2. Description of the Prior Art 

[0004] Various capacitive structures are used as electronic ele- 
ments in integrated circuits such as radio frequency inte- 
grated circuits (RFIC), and monolithic microwave inte- 
grated circuits (MMIC). Such capacitive structures include, 
for example, metal-oxide-semiconductor (MOS) capaci- 
tors, p-n junction capacitors and metal-insulator-metal 



(MIM) capacitors. For some applications, MIM capacitors 
can provide certain advantages over MOS and p-n junction 
capacitors because the frequency characteristics of MOS 
and p-n junction capacitors may be restricted as a result 
of depletion layers that form in the semiconductor elec- 
trodes. An MIM capacitor can exhibit improved frequency 
and temperature characteristics. Furthermore, MIM capac- 
itors are formed in the metal interconnect layers, thereby 
reducing CMOS transistor process integration interactions 
or complications. 

[0005] An MIM capacitor typically includes an insulating layer, 
such as a PECVD dielectric, disposed between lower and 
upper electrodes. To increase the circuit density and re- 
duce the cost, large capacitance density is highly desir- 
able. One known method to increase the capacitance den- 
sity ( e 0 k/t d ) is reducing the dielectric thickness (t d ). How- 
ever, this attempt is unsuccessful since reducing the di- 
electric thickness (t d ) generates undesired high leakage 
current and poor RF loss tangent. 

[0006] Another approach to increasing the capacitance density is 
using high dielectric constant (k) dielectrics for MIM ca- 
pacitors. For example, U.S. Pat. No. 6,232,197, filed April 
7, 1999 by Tsai, assigned to United Microelectronics Corp. 



discloses a metal-insulator-metal for improved mixed- 
mode capacitor in a logic circuit. The bottom electrode of 
the capacitor is polycide and the top electrode is metal. 
The capacitor dielectric layer may be composed of silicon 
oxide, silicon nitride, silicon oxy-nitride, or tantalum ox- 
ide. Silicon oxide, silicon nitride and silicon oxy-nitride 
may be formed by using low-pressure chemical vapor de- 
position (LPCVD), plasma enhanced chemical vapor depo- 
sition (PECVD), or high-density plasma CVD (HDPCVD). 
The thickness of the capacitor dielectric layer is about 
from 100 to 500 angstroms. 
[000 7 ] U.S. Pat. No. 6,459,117, filed November 26, 2001 by Liou, 
assigned to Winbond Electronics Corp. discloses an inte- 
grated circuit device with high Q MIM capacitor. The MIM 
capacitor dielectric layer is formed of silicon oxy-nitride 
(SiO N ) which has a high dielectric constant relative to 

x y 

that of silicon dioxide. U.S. Pat. No. 6,468,858, filed March 
23, 2001 by Lou, assigned to Taiwan Semiconductor Man- 
ufacturing Company discloses a process for forming an 
MIM capacitor structure. Platinum is employed for both 
the capacitor top plate and storage node structures. A 
high dielectric constant material such as Ta O or BaTiO 
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is used for the capacitor dielectric layer. The Ta^ or Ba- 



Ti0 3 capacitor dielectric layer, which is deposited via 
chemical vapor deposition (CVD), has a thickness between 
about 50 to 200 Angstroms. 
[0008] However, the above-mentioned prior art methods are 

costly since different dielectric materials are introduced. 
In light of the forgoing, there is a constant need to pro- 
vide a new MIM capacitor structure that has high capaci- 
tance density and is cost-effective. 
Summary of Invention 

[0009] Accordingly, it is the primary object of the present inven- 
tion to provide an improved MIM capacitor structure and a 
method for making the same. 

[0010] Another object of the present invention is to provide an 

MIM capacitor having doubled capacitance per unit capac- 
itor and a method for making the same. 

[0011] According to the claimed invention, a metal-insula- 
tor-metal (MIM) capacitor includes a first metal plate; a 
first capacitor dielectric layer disposed on the first metal 
plate and a second metal plate stacked on the first capac- 
itor dielectric layer. The first metal plate, the first capaci- 
tor dielectric layer, and the second metal plate constitute 
a lower capacitor. A second capacitor dielectric layer is 
disposed on the second metal plate. A third metal plate is 



stacked on the second capacitor dielectric layer. The sec- 
ond metal plate, the second capacitor dielectric layer, and 
the third metal plate constitute an upper capacitor. The 
first metal plate and the third metal plate are electrically 
connected to a first terminal of the MIM capacitor, while 
the second metal plate is electrically connected to a sec- 
ond terminal of the MIM capacitor. 
[0012] According to one aspect of the claimed invention, a 

method for fabricating a metal-insulator-metal (MIM) ca- 
pacitor includes the steps of: providing a substrate; form- 
ing, in the order of, a first metal layer, a first dielectric 
layer, a second metal layer, a second dielectric layer, a 
third metal layer, and a cap layer over the substrate; etch- 
ing the cap layer, the third metal layer, the second dielec- 
tric layer, the second metal layer, and the first dielectric 
layer to form an upper capacitor structure consisting of a 
second metal plate, a second capacitor dielectric layer, 
and third metal plate; partially covering the upper capaci- 
tor structure with a photo mask that defines a first metal 
plate to formed in the underlying first metal layer; simul- 
taneously etching the first metal layer, a portion of the 
cap layer atop the second metal plate and the second 
metal plate of the upper capacitor structure that are not 



covered by the photo mask; and stripping the photo 
mask. 

[0013] it is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, but are not restrictive, of the invention. Other ob- 
jects, advantages, and novel features of the claimed in- 
vention will become more clearly and readily apparent 
from the following detailed description when taken in 

conjunction with the accompanying drawings. 
Brief Description of Drawings 

[0014] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. In the drawings:Fig.l is a schematic 
cross-sectional diagram illustrating an MIM capacitor in 
accordance with one preferred embodiment of the present 
invention; andFig.2 to Fig. 11 are schematic cross-sec- 
tional diagrams illustrating the method for making the 
MIM capacitor 10 as set forth in Fig.l in accordance with 

one preferred embodiment of the present invention. 
Detailed Description 



[0015] please refer to Fig.l. Fig.l is a schematic cross-sectional 
diagram illustrating an MIM capacitor 10 in accordance 
with one preferred embodiment of the present invention. 
The MIM capacitor 10 comprises a first metal plate 12, 
which may be defined on a base layer 100 such as an in- 
ter-metal dielectric (IMD) layer, but not limited thereto. 
The first metal plate 12 may be one of the layers of metal 
interconnection of an integrated circuit. For example, the 
first metal plate 12 may be defined simultaneously with 
the third layer metal (Metal-3) or fourth layer metal 
(Metal-4) of metal interconnection of the integrated cir- 
cuit. A second metal plate 14, which is thinner than the 
first metal plate 12, is stacked above the first metal plate 
12 and is electrically isolated from the first metal plate 12 
with a first capacitor dielectric layer 13. A third metal 
plate 16 is stacked above the second metal plate 14 and is 
electrically isolated from the second metal plate 14 with a 
second capacitor dielectric layer 15. A cap layer 22 is de- 
posited on the third metal plate 16. The cap layer 22 may 
be made of silicon dioxide or silicon nitride, preferably 
silicon nitride. The above-said MIM capacitor 10 is cov- 
ered with an IMD layer 120. The first metal plate 12, the 
first capacitor dielectric layer 13, and the second metal 



plate 14 constitute a first capacitor (C^ or lower capaci- 
tor. The second metal plate 14, the second capacitor di- 
electric layer 15, and the third metal plate 16 constitute a 
second capacitor (C 2 ) or upper capacitor. 
[0016] a plurality of conductive vias are formed in the IMD layer 
120. The first metal plate 12 of the above-said MIM ca- 
pacitor 10 is electrically connected to a first conductive 
terminal 42 through at least one conductive via 31 that 
penetrates through the IMD layer 120. The second metal 
plate 14 is electrically connected to a second conductive 
terminal 44 through at least one conductive via 32. The 
third metal plate 16 is electrically connected to the first 
conductive terminal 42 through at least one conductive 
via 33 that penetrates through the IMD layer 120 and the 
cap layer 22. This invention features a sandwich-like MIM 
capacitor structure consists of the lower capacitor C i and 
the upper capacitor C^. The first metal plate 12, namely, 
one electrode of the lower capacitor C , is electrically cou- 
pled with the third metal plate 16, namely, one electrode 
of the upper capacitor C^. The second metal plate 14 
serves as a common electrode of the lower capacitor C i 
and the upper capacitor and is interposed between the 
first metal plate 12 and the second metal plate 16. 



[0017] please refer to Fig. 2 to Fig. 11. Fig. 2 to Fig. 11 are 
schematic cross-sectional diagrams illustrating the 
method for making the MIM capacitor 10 as set forth in 
Fig.l in accordance with one preferred embodiment of the 
present invention, wherein like reference numerals refer 
to similar or corresponding elements, regions, and por- 
tions. As shown in Fig.l, a substrate (not shown) having 
thereon a base layer 100 is provided. The base layer 100 
may be an IMD layer, but not limited thereto. A first metal 
layer 12, a first capacitor dielectric layer 13, a second 
metal layer 14, a second capacitor dielectric layer 15, a 
third metal layer 16, and a cap layer 22 are sequentially 
deposited on the base layer 100. According to the pre- 
ferred embodiment, for example, the first metal layer 12 
is the third layer metal (Metal-3) of the layers of metal in- 
terconnection of the integrated circuit, and the first metal 
layer 12 has a thickness of about 5000 angstroms. The 
second metal layer 14 and the third metal layer 16 may be 
made of any suitable metals such as titanium or titanium 
nitride alloys. The second metal layer 14 and the third 
metal layer 16 has thickness that is thinner than the 
thickness of the first metal layer 12, say 1000 angstroms. 
Preferably, the cap layer 22 is made of silicon nitride. Ac- 



cording to the preferred embodiment, the first capacitor 
dielectric layer and second capacitor dielectric layer are 
both made of PECVD dielectric materials. 

[0018] As shown in Fig. 3, a conventional lithographic process 

and an anisotropic dry etching process are carried out to 
formed an upper capacitor stack 50 consisting of the first 
capacitor dielectric layer 13, the second metal plate 14, 
the second capacitor dielectric layer 15, the third metal 
plate, and the cap layer 22. The upper capacitor stack 50 
is defined on the first metal layer 12. In other words, after 
etching through the first capacitor dielectric layer 13, the 
dry etching stops on the first metal layer 12. 

[0019] As shown in Fig. 4, a photoresist layer (not shown) is then 
coated on the first metal layer 12 and covers the upper 
capacitor stack 50. The photoresist layer is subjected to 
exposure and development procedures, thereby forming 
photo masks 60a and 60b, wherein the photo mask 60a 
defines the pattern and dimension of a first metal plate 
that serves as one electrode of a lower capacitor to be 
formed, while the photo mask 60b may define the wiring 
line pattern of Metal-3. Referring to Fig. 5, a top view pre- 
senting the photo mask 60a, the first metal layer 12, and 
the perspective cap layer 22 of the upper capacitor stack 



50 of Fig. 4 is illustrated. As specifically indicated in Fig. 5, 
the photo mask 60a covers most portion of the upper ca- 
pacitor stack 50. A small portion of the cap layer 22 of the 
upper capacitor stack 50 is therefore exposed and will be 
etched away in the following etching process. 
[0020] As shown in Fig. 6, a dry etching process is carried out to 
etch the first metal layer 12 that is not masked by the 
photo masks 60a and 60b and cap layer 22, thereby 
forming a lower capacitor stack 70 and wiring line struc- 
ture 210. The upper capacitor stack 50 and the lower ca- 
pacitor stack 70, which consists of the first metal plate 
12, the first capacitor dielectric layer 13, and the second 
metal plate 14, constitute a sandwiched capacitor struc- 
ture 10. Referring briefly to Fig. 7, a 90-degree rotated 
view of the sandwiched capacitor structure 10 of Fig. 6 and 
the photo mask 60a thereon is illustrated. A portion of the 
cap layer 22 and the underlying third metal plate 16of the 
upper capacitor stack 50 that are not covered with the 
photo mask 60a are also etched away in this dry etching 
process. Using the cap layer 22 as an etching buffer, the 
dry etching can be stopped on the second capacitor di- 
electric layer 15. In another case, the second capacitor di- 
electric layer 15 may be further etched through and the 



dry etching stops on the second metal plate 14. As best 
seen in Fig. 5, it is noted that the third metal plate 16 has 
a surface area that is smaller than the surface area of the 
second metal plate 14. The surface area of the second 
metal plate 14 is smaller than the surface area of the first 
metal plate 12. 
[0021] a s shown in Fig. 8 and Fig. 9, wherein Fig. 9 shows a 

90-degree rotated cross-sectional view of the capacitor 
structure 10 of Fig. 8, after stripping the photo masks, an 
IMD layer 120 is deposited on the capacitor structure 10, 
the base layer 100, and on the wiring line structure 210. 
The IMD layer 120 may be formed by CVD methods or 
other suitable techniques. After this, a plurality of metal 
vias 31, 32, 33, and 310 are formed in the IMD layer 120, 
wherein the metal vias 31 electrically connects with the 
first metal plate 12, the metal via 32 electrically connects 
with the second metal plate 14 (see Fig. 9), the metal vias 
33 electrical connects with the third metal plate 16, and 
the metal via 310 electrically connects with the wiring line 
structure 210. 

[0022] Finally, as shown in Fig. 10 and Fig. 11, wherein Fig. 11 
shows a 90-degree rotated cross-sectional view of the 
capacitor structure 10 of Fig. 10, definition of Metal-4 in- 



terconnection is carried out on the IMD layer 120. A first 
conductive terminal 42 and a second conductive terminal 
44 are formed above the capacitor structure 10 on the 
IMD layer 120. A fourth level interconnection line 410 is 
also defined above the metal via 310. The first conductive 
terminal 42 is electrically connected to the first metal 
plate 12 and the third metal plate 16 through the metal 
vias 31 and 33 respectively. The second metal plate 14 of 
the capacitor structure 10 is electrically connected to the 
second conductive terminal 44 through the metal via 32. 
[0023] Those skilled in the art will readily observe that numerous 
modifications and alterations of the present invention may 
be made while retaining the teachings of the invention. 
Accordingly, the above disclosure should be construed as 
limited only by the metes and bounds of the appended 
claims. 



